Abstract: An efficient synthesis of phenol-formaldehyde resin has been achieved by using conventional as well as microwave irradiation. Resin samples were tested for their physical and chemical properties. The structures of the resins have been supported by their spectral analysis.
Introduction
Phenolic resole are the most useful thermosetting materials for the manufacture of composite panels 1 , based on wood such as plywood. After curing the resole resin is a solid, insoluble, rigid material with a high fire resistance, long term thermal, mechanical stability, high strength, low toxic and excellent insulating properties.
Microwave irradiation is well known to promote the synthesis of a variety of organic compounds, where chemical reactions are accelerated because of selective absorption of microwave by polar molecules 2 . As a part of our programme towards the non traditional approach to the experimental set up of organic reactions, the concept of "Microwave induced Organic Reaction Enhancement" (MORE) chemistry has been utilized for rapid, sustainable and efficient synthesis. Microwave assisted organic synthesis 3-7 has attracted attention in recent years due to enhanced reaction rates, high yields, improved purity, ease of work up after the reaction and eco-friendly reaction conditions compared to the conventional methods.
The present work reveals the comparative aspects of synthesis of phenolformaldehyde resin (conventional and microwave) and their characterization. The properties such as viscosity, gel time, solid content and free formaldehyde content are measured of the synthesized resin. 
Experimental

Investigation of the synthesis of phenol-formaldehyde resin:
Under conventional method:
These resins were synthesized by methods reported earlier. [11] [12] [13] The phenol-formaldehyde resins were synthesized in different molar ratio by adding phenol (94%) and formaldehyde (37% aqueous solution) in three neck flask. The pH (9.0) was adjusted by using aqueous caustic (20%) solution. After this, the reaction mixture was heated to 90 0 C over a period of 30 minutes. The resultant mixture was refluxed for 2 h. The free formaldehyde content in the resin at different time interval was checked and the resin was cooled (Scheme-I).
Under microwave irradiation
The phenol-formaldehyde resin was synthesized by condensing phenol and formaldehyde in the presence of sodium hydroxide (pH 9.0). The reaction was carried out in Erlen-Meyer flask capped with a funnel under microwave irradiation at 160 watt in microwave oven for the specific period of time. The complication of the reaction was monitored by determination of the free formaldehyde content. The internal temperature of reaction mixture was measured by Non-Contact I.R. thermometer.
Determination of free formaldehyde
The percentages of the free formaldehyde in the resin were determined using a modified version of Walker's hydroxylamine hydrochloride method. Approximately 3 g. of resin were diluted with 25 mL of water and pH was adjusted to 4.0 using 0.1 M HCl. Thirty mL of hydrolamine hydrochloride (0.5 M, pH 4.0) were added and stirred for 10 minutes and free formaldehyde was determined by back titration at pH 4.0 using 0.1 M aqueous sodium hydroxide.
Spectral data of synthesized resin 13 C NMR Spectra : The assessments are as follows 36 and 41 ppm for 2, 4 and 4, 4-methylene links, respectively; 61 and 65 ppm for 2 and 4-hydroxymethyls, respectively; 88 ppm for various forms of formaldehyde; 117 and 121 ppm for unsubstituted 2 and 4-phenolic ring position, respectively; 127 ppm for unsubstituted 3, 5 and substituted 2, 4 phenolic ring positions and 160 ppm for phenolic -OH positions.
Fourier Transform Infrared Spectroscopy
The deformation vibrations of -C-H bonding in aromatic units correspond to the absorption bands in the 600-900 cm 
Result and Discussion
Comparative profile of synthesis
Phenol-formaldehyde resins were prepared by condensing phenol and formaldehyde in basic medium. In view of long reaction time, moderate yields, tedious work up after the reaction in conventional method, a relatively more versatile yet simplified procedure was perceived, in microwave irradiation. Microwave synthesis has received attention as a new strategy for organic synthesis due to the fact that many reactions seem to proceed with much alacrity under such conditions as opposed to the corresponding thermal-assisted reactions. The strategy worked well affording the desired product in improved yields in significantly lower reaction time. To ensure the contribution of specific microwave effect, the results obtained under microwave irradiation were extrapolated to conventional heating. Reactions mentioned in Table 1 were examined by simply heating under the same conditions (temperature, pressure, viscosity and pH) as mentioned in the typical procedure with microwave irradiation. Under microwave irradiation enhanced dipole-dipole interaction caused the instantaneous condensation of reactant to afford phenolformaldehyde resin in a very short time. 
Conclusions
We have developed an economical, solvent free, very efficient microwave assisted protocol for the synthesis of phenol-formaldehyde resin which can be a viable alternative to the conventional synthesis. In all cases, a comparison of the reactions using conventional and microwave heating under same conditions. The resin synthesized by microwave irradiation has less free formaldehyde, more solid content.
